Interpretative Summary: Effect of oral calcium supplementation on early lactation health 1 and milk yield in commercial dairy herds. By Oetzel and Miller, page 000. Low blood 2 calcium often occurs in older cows around calving and impairs subsequent health and milk yield.
INTRODUCTION

47
Milk fever (parturient hypocalcemia) is an important metabolic disorder of dairy cattle 
59
Identification of cows with subclinical hypocalcemia is impractical because these cows, by 60 definition, do not display overt clinical signs. Thus, prevention is the only option for managing 61 subclinical hypocalcemia. One prevention strategy is to supplement anions prior to calving. 
72
Another approach to prevention of subclinical hypocalcemia is oral Ca supplementation
73
around calving. Calcium chloride may be particularly beneficial as an oral supplement because 74 it provides highly available oral Ca (Goff and Horst, 1993; and because it is a more potent acidification is the correction of metabolic alkalosis, which blunts the response of the cow to 79 parathyroid hormone (Goff et al., 1991; Phillippo and Reid, 1994; Goff, 2008) . fed an acidogenic diet (Goff and Horst, 1993 
120
MATERIALS AND METHODS
121
Study population
122
The study was conducted on 2 large commercial dairy farms in Wisconsin during the summer 123 of 2010. To be selected for the study the herds had to meet the following criteria: milk at least 
136
Cows were randomly assigned to either the control or oral Ca bolus groups prior to calving.
137
A random numbers generator was used to determine the treatment assignment for the first cow 138 enrolled; remaining treatment assignments were made sequentially (every other cow). Treatment 139 assignments were indicated by color-coded neck chain tags placed on the cows.
140
At the same time the cows were assigned to treatment they were also evaluated for 141 locomotion score and body condition score. Locomotion score was determined using the 1 to 4 142 point scoring system described by Nordlund et al. (2004) , in which cows were categorized as 143 non-lame (score 1), slightly lame, moderately lame, or severely lame (score 4). Post-fresh body 144 condition score was determined using a 1 to 5 point scoring system with 0.25 unit increments as 145 described by Ferguson et al. (1994) , where a higher score represents greater body condition.
146
Two trained evaluators assigned all of the pre-fresh scores, with one evaluator assigning each 147 locomotion score and one evaluator assigning each body condition score. Scores were taken an 148 average of 15.6 d (± 0.3 SEM) prior to calving.
149
Cows were enrolled in the study immediately after calving; pre-fresh data were collected 150 from some cows that did not meet final criteria for enrollment. Cows in the control group 151 received no oral Ca boluses after calving and cows in the oral Ca bolus group received 2 boluses.
152
The first bolus was administered within 2 h after calving. as an additional covariate for post-fresh locomotion score and body condition score analyses.
232
Additional covariates included in the analyses for first service conception, pregnancy by 150 
261
The effect of blanket supplementation with 2 oral Ca boluses for all study cows was 262 evaluated using a two-step statistical method. The method was the same whether the outcome 263 was continuous or categorical (using multivariate linear regression), binary (using multivariate The purpose of the large models was to establish whether there was an effect of oral Ca bolus 292 supplementation after all possible covariates (and interactions) had been considered. However,
293
the large models were not useful for determining effect sizes. Almost all of the large models 294 contained continuous covariates after the backwards elimination procedure, and least squares 295 means calculated from such models are specific to a discrete value for each continuous covariate 296 in the model. Many of the models contained 3 or 4 continuous covariates, which rendered it 297 impractical to estimate the oral Ca bolus effect at every possible combination of these covariates.
298
Therefore, a second analysis was conducted for each study outcome using small models that 299 consisted of herd (as a fixed effect), oral Ca bolus supplementation, and the interaction of herd 300 and oral Ca bolus supplementation. The interaction term was removed if P < 0.05. Because the 301 small models contained no continuous covariates, they were used to determine the estimates of 302 effect sizes.
303
The effect of the oral Ca boluses was considered significant for an outcome only if oral Ca 304 bolus supplementation was P < 0.05 in both the large and small models for that outcome.
305
Because there were no continuous covariates present in the small models, overall least squares 306 means could be calculated for control vs. oral Ca bolus supplemented cows. Least squares 307 means and P values from the small models were then reported for each outcome. adding the average VWP to the mean value for days from the end of the VWP until conception.
314
After all of the large and small models were completed and the effects of blanket 315 supplementation for all cows were evaluated, the large models were examined to find effectiveness of the anionic salts feeding program that was in place for both herds.
352
The study was conducted only in summer months; however, it is unlikely that the low 
360
Oral Ca bolus supplementation did not affect (P > 0.05) any study outcomes when all study 361 cows were considered together. This result was expected, given the very low incidence of multiparous cows fed a low DCAD diet and found no effect of these supplements on plasma 364 concentrations of total Ca, P, Mg, NEFA, BHBA, or glucose.
365
There was no effect of oral Ca bolus supplementation on days from the end of the VWP to 366 conception in the large survival model (data not shown) or in the small survival models. Kaplan-
367
Meier curves from the small models are presented in Figure 2 (data from all cows) and Figure 3 
368
(data from cows in the subpopulation targeted for oral Ca bolus supplementation Kaplan, E. L., and P. Meier. 1958. Nonparametric estimation from incomplete observations. J. Effects of anion supplementation to low-potassium prepartum diets on macromineral status 587 and performance of periparturient dairy cows. J. Dairy Sci. 92:5677-5691.
588 Table 1 . Summary of formulated feed ingredient amounts and formulated nutrient composition of example diets fed on 2 commercial dairies to the pre-and post-fresh cows during the study. Calving ease score of 5 (C-section or fetotomy) 1
Removed before 2 DIM 9
Calved without random treatment assignment (no tag) 69
Received the first oral Ca bolus but not the second 85
Received the second oral Ca bolus but not the first 1 3 Hypocalcemia was defined as blood Ca 2+ ≤ 1.00 mmol/L at 8 to 35 h after calving. 4 Ketosis was defined as one or more blood BHBA tests ≥ 1.2 mmol/L. Cows were tested six times between 3 and 16 DIM and were classified if they had ≥ 5 total BHBA tests or ≥ 1 positive test.
5 Lame cows had a pre-fresh locomotion score of 3 or 4, using a 1 to 4 point scale. (Table 6 is continued on the next page) 2 Difference in least squares means, oral Ca bolus -control. 3 For interaction terms, P = the higher of the specific comparison or the interaction term. 4 Lame cows had a pre-fresh locomotion score of 3 or 4, using a 1 to 4 point scale. 5 Previous lactation mature equivalent milk yield, % of herd rank. 6 The P value for post-fresh body condition score is from the large model, which was P > 0.05 and was greater than the P value from the small model. 7 Estimate of mean days from the end of the voluntary waiting period to pregnancy using Kaplan-Meier analysis. Mean voluntary waiting period was 72.5 days for all cows and 72.7 days for cows in the subpopulation targeted for oral Ca bolus supplementation. 2 For interaction terms, P = the higher of the specific comparison or the interaction term. 3 Lame cows had a pre-fresh locomotion score of 3 or 4, using a 1 to 4 point scale. 4 Previous lactation mature equivalent milk production, % of herd rank. 5 Ketosis was defined as one or more blood BHBA tests ≥ 1.2 mmol/L. Cows were tested six times between 3 and 16 DIM and were classified if they had ≥ 5 total BHBA tests or ≥ 1 positive test. dairies that were eligible to be bred at the end of the voluntary waiting period and were in the subpopulation targeted for oral Ca bolus supplementation (previous lactation mature equivalent milk production > 105% of herd average at calving or pre-fresh lameness or both).
